Objective: To test the short-term effectiveness of a 3 week hospital-based body weight reduction (BWR) program on selected coronary heart disease (CHD) risk factors in obese subjects. Design: Intervention study to assess the modifications in CHD risk factor scores estimated according to Framingham risk factor categories (age, total cholesterol, high density lipoprotein (HDL) cholesterol, blood pressure, diabetes and smoking). Setting: 3rd Division of Metabolic Diseases, Italian Institute for Auxology, Piancavallo (VB), Italy. Subjects: Two-hundred and sixty-eight obese patients (43 men, 225 women, age range 19 -81 y; body mass index (BMI) range 30 -67). Intervention: The BWR program consisted of a 3 week integrated energy-restricted diet (1200 -1800 kcal=day), associated with moderate aerobic exercise, psychological counselling and educational lectures. Results: Substantial reductions of total cholesterol (16.7%), HDL cholesterol (14.8%), systolic (11.2%) and diastolic blood pressure (8.7%) were observed at the end of the intervention, even with relatively moderate decrease in weight (4.1%) and in persistence of elevated BMI (over 40 kg=m 2 ). The mean CHD Framingham score decreased by 16.1%, from 7.8 to 6.2. The BWR-induced changes were similar in both sexes, and across strata of age and BMI. Conclusions: The full-time participation of the patients in the hospital-based, integrated BWR program may explain the positive clinical outcome in all the subgroups considered, although the long-term results need to be quantified.
Introduction
Obesity is a major risk factor for coronary heart disease (CHD). The risk of CHD is two to three times higher in obese individuals compared to those with normal weight (Negri et al, 1992; Tavani et al, 1997; Calle et al, 1999) . The association is partly accounted for by other risk factors for CHD, which are also correlates of body weight, including total serum cholesterol and lipoprotein levels, blood pressure and diabetes.
To date, the impact of a short-term integrated, nonpharmacological intervention of gross obesity on these risk factors and on an overall risk score for CHD (Wilson et al, 1998) has been poorly investigated, at least in quantitative terms. McDougall et al (1995) reported the effects of an intensive 12-day live-in program at a hospital-based health-center, focused on dietary modification (very low fat and strictly vegetarian diet), moderate exercise and stress management. During this short-term period, the small body weight reduction (BWR) obtained (72.5 kg for men and 71.0 kg for women), significantly improved several CHD risk factors (76% for blood pressure, 711% for total cholesterol), while it negatively affected high density lipoprotein (HDL) cholesterol levels (719%). Diehl et al (1998) evaluated the effects of a 30-day intensive, hospitalbased educational program (including diet, mild daily physical activity and educational lectures) in a large group of patients at elevated risk of CHD and related diseases. Patients at greatest risk (total cholesterol levels !240 mg=dl) showed a stronger reduction in CHD risk factors. Sjostrom et al (1999) reported a considerable BWR (body mass index, BMI (kg=m 2 ), 71.8) and both diastolic (719 mmHg) and systolic (727 mmHg) blood pressure reduction during a 3 week residential program in obese subjects (mean BMI 35) in either sex. Himeno et al (1999) studied the effects of a 3 month supervised BWR program, involving mild exercise and mild hypocaloric diet, in obese patients with or without hypertension. After a 3 month intervention, systolic blood pressure decreased by 5 mmHg in normotensive subjects, and by 13 mmHg in hypertensive patients, whose diastolic values were also reduced (79 mmHg).
In the present paper we describe the effects of a 3 week hospital-based BWR program, consisting of energyrestricted diet, moderate aerobic exercise, psychological counselling and educational lectures in a large group of obese subjects (mean BMI 42.1).
Materials and methods

Subjects
All patients admitted between April 1999 and September 1999 to the 3rd Division of Metabolic Diseases of the Italian Institute for Auxology, Piancavallo, Italy, with a diagnosis of obesity (BMI > 30 kg=m 2 , range 30.0 -67.0) were considered eligible in the study. A total of 279 subjects were identified and accepted to participate. Among them, 11 patients with history of cardiovascular diseases (including acute myocardial infarction, heart failure or angina) were excluded from the study, leading to a total of 268 patients included (43 men and 225 women, age range 19 -81 y). Of these, 23 (8.6%) were taking medications for diabetes, 40 (15.0%) for hypertension and 3 (1.1%) for dyslipidemia.
The study protocol was approved by the Ethical Committee of the Italian Institute for Auxology; the nature of the trial was explained to the patients, who gave their written informed consent.
Body weight reduction (BWR) program
The BWR program consisted of a 3 week integrated energy-restricted diet (1200 -1800 kcal=day), associated with a moderate aerobic exercise and psychological counseling. The amount of energy to be given with diet was calculated by subtracting approximately 500 kcal from the measurement of basal energy expenditure. The diet, in terms of macronutrients, contained 21% proteins, 53% carbohydrates and 26% lipids; the daily estimated water content was 1000 ml, and the estimated salt content was 1560 mg Na, 3600 mg K and 900 mg Ca. Extra water intake of at least 2000 ml=day was encouraged.
The physical activity program consisted of 5 days per week training, including: (i) 1 h dynamic aerobic standing and floor exercise with arms and legs, at moderate intensity and under the guide of a therapist; and (ii) either 20 -30 min cycloergometer exercise at 60 W, or 3 -4 km outdoor walking on flat terrain, according to individual capabilities and clinical status. Heart rate was recorded during all phases of the training with a telemetric Polar system (Polar, Finland) in a group of 10 randomly chosen patients. The average value ranged between 100 and 140 beats=min, corresponding to about 50 -60% of the individual maximal value.
The subjects also underwent a psychological counseling program consisting of two or three sessions per week of individual and=or group psychotherapy performed by clinical psychologists; lectures, demonstrations and group discussions, with or without a supervisor, took place daily.
Evaluation of risk factors
Selected CHD risk factors, including systolic and diastolic blood pressure, total and HDL-cholesterol, cigarette smoking and diabetes (Wilson et al, 1998) were assessed at hospital admission and on the last day of the 3 week BWR program. The medical history was taken and a physical examination was performed; height and weight were measured respectively with a Harpenden stadiometer (Holtain Ltd, UK) and an electronic scale (Selus, Italy), and BMI (kg=m 2 ) was calculated. Two blood pressure determinations were made after the participants had been sitting at least 5 min, and the mean value was used for analyses. Blood samples were collected after an overnight fast in standard tubes for serum; total cholesterol, HDL cholesterol and glucose levels were immediately measured with enzymatic-colorimetric methods (Hitachi Instrument, Japan).
Blood pressure and total=HDL-cholesterol levels were considered without regard to the use of anti-hypertensive or lipid-lowering medications. Diabetes was considered present if the patient was under treatment with insulin or oral hypoglycemic agents, or if fasting blood glucose determinations exceeded 140 mg=dl at the initial examination. Persons who smoked at least one cigarette per day during the previous 12 months were classified as smokers.
The CHD scores were estimated using a simple coronary disease prediction model developed by Wilson et al (1998) , which takes into account sex, age, diabetes, smoking, blood pressure, total cholesterol and LDL cholesterol categories. These variables seem to be the established, independent and biologically important risk factors for CHD, and this score attempts to provide a simplified approach to predict risk for initial CHD events in disease-free outpatients.
CHD score sheets (for men and women) attribute different ranks in function of classes of age (nine subgroups, from 30 up to 74 y), total cholesterol (five subgroups, from < 160 to ! 280 mg=dl), HDL cholesterol (five subgroups, from < 35 up to ! 60 mg=dl) and blood pressure (systolic: five subgroups, from < 120 up to ! 160 mmHg; diastolic: five subgroups, from < 80 up to ! 100 mmHg). Diabetes and smoking were defined into two categories (yes=no). Although systolic and diastolic blood pressure values were used, when systolic and diastolic pressures fell into different categories, the higher category was selected for the calculation of CHD score.
Medical treatments for concomitant diseases were continued.
Statistical analysis
The mean values and the corresponding standard deviations (s.d.) were calculated for selected variables, including weight, BMI, total and HDL-cholesterol, blood pressure, glycemia and the CHD score. The differences between mean values before and after the BWR program for the various CHD risk factors were computed and their statistical significance was evaluated using the t-test for paired samples. Furthermore, these differences were compared in the different strata of sex, age and BMI using a repeated measure analysis of variance. All the analyses were performed using the SAS software package for data analysis (1989). Table 1 considers selected anthropometric characteristics and other CHD risk factors before and after the BWR program. The percentage decline was 4.1% both for weight (starting from a mean value of 107.0 kg) and for BMI (starting from 42.1 kg=m 2 ). The reductions were 16.7% for total cholesterol, 14.8% for HDL-cholesterol, and 11.2% for systolic and 8.7% for diastolic blood pressure, and 14.9% for glucose levels. The CHD score decreased by 16.1%, from 7.8 to 6.2. All the changes observed after the BWR program were statistically significant (P < 0.0001).
Results
The corresponding values given separately for men and women are shown in Table 2 . The changes after the BWR program were highly significant in both genders (P < 0.0001). However the reduction of body weight was significantly stronger in women than in men (P < 0.0001), while no significant heterogeneity between genders emerged for other factors. All differences between values before and after the intervention program were statistically significant at P < 0.0001. HDL, high density lipoproteins; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD, coronary heart disease. a All statistically significant at P < 0.0001. Table 3 considers the CHD risk factors in separate age groups. No meaningful differences in reduction of weight and BMI were found across various age groups. Initial levels of serum total and HDL-cholesterol, blood pressure and CHD scores slightly increased systematically with age, but the changes induced by the BWR program were not significantly different across strata of age. Most differences in mean values before and after the intervention program were highly significant in all age groups (P < 0.0001).
Changes of cardiovascular risk factors in obesity A Sartorio et al
Selected CHD risk factors in four strata of BMI are considered in Table 4 . Most initial values of total and HDLcholesterol, blood pressure and glucose levels slightly increased with BMI. The effects of the intervention were not significantly different across BMI strata, except for stronger reduction of body weight and BMI among patients with higher BMI. The changes after the BWR program were statistically significant in all strata of BMI (P < 0.0001).
Three weeks of the BWR program allowed the dosage of medications for diabetes to be reduced in 8=23 (35%), for hypertension in 6=40 (15%) and for dyslipidemia in 1=3 (33%) patients.
Discussion
This study shows and quantifies the impact of a short-term hospital-based BWR program on major CHD risk factors. The most striking result is the significant reduction of total cholesterol (716.7%), systolic (711.2%) and diastolic (78.7%) blood pressure, and CHD score (716.1%), obtained with a relatively small decline of BMI (74.1%).
Similar rapid reductions of serum cholesterol and blood pressure values have been reported by other interventions, mainly based on a low fat and preferentially vegetarian diet, associated with programs of physical activity (McDougall et al, 1995; Diehl, 1998; Sjostrom et al, 1999) .
The positive effects on CHD risk factors after short-term programs, reported in the present work and in the study by McDougall et al (1995) , are particularly encouraging and Table 4 Main anthropometric characteristics and other coronary heart disease risk factors in 268 obese patients before and after a short-term body weight reduction program by strata of body mass index (BMI)
Means AE standard deviations HDL, high density lipoproteins; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD, coronary heart disease. All values after the intervention program were significantly different from values before the intervention at P < 0.0001, except a P < 0.001 and b P < 0.05.
Table 3
Main anthropometric characteristics and other coronary heart disease risk factors in 268 obese patients before and after a short-term body weight reduction program by strata of age
Means AE standard deviations HDL, high density lipoproteins; SBP, systolic blood pressure; DBP, diastolic blood pressure; CHD, coronary heart disease. All values after the intervention program were significantly different from values before the intervention at P < 0.0001, except a P < 0.01, b P < 0.001 and c P < 0.05.
Changes of cardiovascular risk factors in obesity A Sartorio et al may be explained by the strictly residential, full-time and integrated program adopted, rather than by the simple weight loss (less than 5% in both studies) and=or final weight (in our study, a residual BMI over 40 kg=m 2 ). Different factors, alone or in combination, are responsible for the changes observed in CHD risk factor after our integrated BWR program, although their independent role is at present difficult to determine. In fact, both weight loss and exercise conditioning have been shown to independently promote a shift in the balance between parasympathetic and sympathetic activity in obese (Arrone et al, 1995) and lean subjects (Arrone et al, 1995; Smith et al, 1989) , responsible for a significant decrease in resting and post-exercise systolic and diastolic arterial pressure observed in morbidly obese patients (Sartorio et al, 2001b) . Moreover, a meta-analysis of 70 studies (Dattilo & Kris-Etherton 1992) , found that weight reduction is also associated with a significant decrease in total cholesterol, and a biphasic trend in HDL-cholesterol (ie a significant decrease during the phase of active weight loss followed by an increase at a stabilized reduced weight). Interestingly, this behavior of HDL-cholesterol would further reinforce the positive results in CHD score observed in the present study, which deals with the phase of active weight loss only.
The large dataset of this study compared with previous ones allowed analyses in subgroups of patients by age and BMI. Our BWR program determined comparable effects in younger and older subjects, indicating a favorable responsiveness also in older patients with higher baseline CHD risk. Moreover, the effects of this BWR program were similar across strata of BMI, not included in the determination of CHD score. The positive response in terms of CHD risk factors also in patients with higher BMI is in line with our recent findings (Sartorio et al, 2001a) , demonstrating the effectiveness of this program on muscle performance and motor control also in the heaviest obese patients.
Although the mean baseline CHD score of our study group corresponds to a 10 y CHD risk of 11.2 AE 8.4, compared to 10% in normal subjects of comparable age (Wilson et al, 1998) , BMI values are not included in the calculation of the present CHD score. For this reason, the lack of consideration of above-normal BMI values in computing CHD scores can actually lead to a misinterpretation of the CHD risk of obese patients. Specific CHD score and risk sheets suitable for obese populations seem to be necessary in order to fully evaluate the risks of these subjects.
In conclusion, our BWR program provides encouraging short-term results in terms of CHD risk score (716.1%), in spite of a relatively small decline of BMI (74.1%). Nevertheless, additional studies are required to evaluate the maintenance of the positive effects over time and to quantify the individual and public health implications of the results of a short-term clinical intervention.
As recently reported by Sjostrom et al (1999) , the clinical outcome after 1 and 5 y of 4 week residential programs seems encouraging, probably because the clinical support throughout the residential learning process, the regular physical training and the feedback on progress during that period provided the necessary reinforcement for long-term maintenance of the initial improvements.
